fields, emission inventories, and boundary conditions as well as weaknesses in representation of
against ground measurements which were taken at stations located in the Netherlands, Greece, Ireland, 29 and Germany as well as against airborne measurements from 15 flights in North-Western Europe. More 30 than 94% of the organic aerosol (OA) hourly values and more than 82% of the sulfate ones were 31 reproduced within a factor of 2. PMCAMx performance against airborne measurements was as good as 1 its performance against the hourly ground measurements.
2
One of the limitations of the previous AOD-based CTM evaluation exercises is that errors in 3 dust emissions, transport, and removal often dominate the overall results. In the present work MODIS 4 and AERONET AODs are filtered to exclude periods with high dust or sea-salt levels and to focus on 5 the rest of the anthropogenic and biogenic aerosol components. A period with high photochemical 6 activity is selected so that the emphasis is on secondary aerosol components. In this work we exclude 7 for each locations periods characterized by high coarse particle concentrations, so PM 1 is the 8 appropriate metric for aerosol composition evaluation. 9 In the present study we provide a first time evaluation of the ability of PMCAMx (Murphy and EUCAARI campaign focusing on a photochemically active period with summertime-like conditions.
19
Detailed continuous measurements of PM 1 composition both at the ground and aloft as well as a 20 corresponding emission inventory (prepared by TNO) exist for that period. The second reason was that 21 the ability of PMCAMx to reproduce these detailed PM 1 composition measurements has already been 22 evaluated in previous work (Fountoukis et al., 2011; 2014 ) and therefore we can focus on the optical 23 properties of the fine particulate matter in this paper. The exact dates simulated here were the same as in 24 the previous publications for consistency. 
10
The PMCAMx European modeling domain in this application is a region of 5,400 x 5,832 km 2 
11
with 36x36 km 2 do not contribute significantly to the AOD. To exclude periods with high coarse particle levels and to
27
focus on the rest of the anthropogenic and biogenic aerosol components, MODIS AODs are filtered.
28
Over water we employ the coarse particle rejection filter of Barnaba and Gobbi (2004 needs to be discarded due to dust influence. The location of the AERONET stations also contributes to 4 this difference.
5
The evaluation of the MODIS AODs at 550 nm for the land algorithm was performed following 
10
The resulting data were partitioned into groups of 100 AOD points and then averaged. At higher optical 11 depths since the data became sparser we used 25 points for each bin. The regression line of the (Table S2) . the model reproduced more than 80% of the hourly PM 1 OA data within a factor of 2. Overall,
12
PMCAMx agreement with the AMS ground measurements for all stations was encouraging. More than
13
70% of the hourly data points for PM 1 sulfate and 87% for PM 1 OA lay within the 2:1 and 1:2 error showed low OA concentrations in the 2-6 km altitude range over Europe during the simulation period.
22
The ability of the model to reproduce the high time resolution airborne measurements at various South Atlantic. The data sample size is small over North Africa due to the high levels of dust in these 1 areas during the whole simulation period. As a result the corresponding coarse particle-screened AOD 2 comparisons provide little information about the ability of PMCAMx to simulate fine PM in this region. The difference between PMCAMx and MODIS monthly mean AODs is depicted in Fig. 4 . to the MODIS monthly mean AODs (Tables 2 and S4 ). The correlation coefficient R between the 15 MODIS monthly-average AODs and the PMCAMx predicted AODs was 0.51.
16
PMCAMx AODs were also compared with the AERONET values for the simulation period. 
Regional evaluation

25
The performance of the model for AOD combined with its performance for composition in the sites 26 where there are ground and airborne PM composition measurements, can be used to reach some 27 tentative conclusions about its performance in reproducing the fine PM levels and composition. These error. These levels vary from "excellent" (absolute fractional bias ≤ 15% and absolute fractional error ≤ 32 13 35%) to "good" (absolute fractional bias ≤ 30% and absolute fractional error ≤ 50%) to "average" 1 (absolute fractional bias ≤ 60% and absolute fractional error ≤ 75%) to "problematic" (absolute 2 fractional bias ≥ 60% and absolute fractional error ≥ 75%). (Table S6 ). Sulfate and organic aerosol are the predicted major components of dry fine PM in Spain and
14
Portugal (Table 3) . in Ukraine, and 1 in Crimea) ( Table 1) . The model has a similar good performance against the MODIS 19 retrievals (0.12 predicted versus 0.13 retrieved) ( Table 2) . As a result, the monthly mean PMCAMx This rather surprising result clearly requires additional investigation and could be due to offsetting 28 errors. Balkans: The Balkans according to PMCAMx had some of the highest sulfate levels in the domain 8 during the simulation period (Table 3) . The model underpredicts the AOD both against MODIS (0.14 9 predicted versus 0.19 retrieved) and the two AERONET stations (0.15 predicted versus 0.21 measured).
10
The corresponding fractional biases are -24% against MODIS and -33% against AERONET. However,
11
80% of the monthly mean PMCAMx AODs fall within the expected MODIS error envelope. These Table S6 ). Given that most of the predicted AOD is due to the sulfate 14 these results suggest that the PMCAMx underprediction is probably due to their underestimation.
16
Central Europe: PMCAMx showed a small tendency towards overprediction of the moderate AODs in 17 this region compared to both AERONET (12%) and MODIS (13%). For example, overpredictions were 18 evident over France and Germany (Fig. 4) (Table S6 ) and inconsistent with These suggest that dust may be partially responsible for the errors even after the filtering of the data.
1
The model performance is better in the eastern Mediterranean (Fig. 4) . Sulfates dominated the AOD in to model sea salt in the various marine environments examined here. (Table 3) .
26
PMCAMx performed relatively well (absolute fractional bias less than 0.2 for both sulfate and OA) 27 when compared with the EUCAARI airborne measurements in this region.
29
Black Sea: PMCAMx exhibits a tendency towards underprediction (-18%) versus MODIS in this 30 relatively polluted region. 66% of the PMCAMx AODs fall within the expected MODIS error envelope.
31
Sulfates were the major predicted fine PM component in the Black Sea during the simulation period. 
27
In the first test the absolute humidity was increased uniformly by 5%, while maintaining the 28 maximum relative humidity in cloud-free regions at 99%. The PMCAMx monthly mean AOD increased 29 on average by 13% (Fig. S2) been discussed in detail by .
5
In a third sensitivity test we assumed that BC was always externally mixed with the other Europe.
27
The AOD performance of PMCAMx against the MODIS retrievals is "excellent", based on the against AERONET with the exception of a few areas with only one or two AERONET stations. The 5 average performance against the AERONET measurements is considered using the above criteria 6 "excellent" and against MODIS it is on the borderline between "good" and "excellent".
7
The above results suggest that the major weaknesses of PMCAMx appear to be overpredictions Atlantic. However, these discrepancies are quite sensitive to the relative humidity fields predicted by
11
WRF. In a sensitivity test the average predicted AOD increased by 13% (ranging from 7 to 31% 12 depending on the area) for a uniform 5% change in RH. On the other hand, the details of the fine PM 13 size distribution and the black carbon mixing state have a very small effect on the AOD predictions. Chin, M., Ginoux, P., Kinne, S., Torres, O., Holben, B., Duncan, B., Martin, R., Logan, J., Higurashi,
16
A. and Nakajima, T.: Tropospheric aerosol optical thickness from the GOCART model and sets across Europe using a consistent ME-2 based source apportionment approach, Atmos. Chem. Fountoukis, C., Racherla, P. N., Denier van der Gon, H. C. A., Polymeneas, P., Charalampidis, P. E., 14 Fountoukis, C., Megaritis, A., G., Skyllakou, K., Charalampidis, P., E., Pilinis, C., Denier van der Gon,
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